
- -

_~ AOkt& 263 ARMY MEDICAL RESEARCH INST OF INFECTIOUS DISEASES FR——ETC F/G 6/3
METABOLIC SEOUELAE OF RESPIRATORY 0 FEVER IN THE GUINFA PIG. CU )
AUG 77 M C POWANDA . S V MACHOTKA

UNCLASSIFIED NI



I .0 ~ 2.8 

~IJ~
______ 

(I~~ ~
1~

ii. ~
IIIII~HilL’ .25 IDll~ ~~

MICROCOPY RESOLUTION T E S T  CHART
N~ I~~NA L H(JAI AU O~ ~ I A NI ’\ I~~ A



__________ - 
~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘.fl V~ ’~~ Ct .1r ~~~~~~~~~~~

SE CJ~~~~~~cL SIFIc
~~~~

ON OF THIS PAGE (WS~en Dat a Entered) 

RE AD IN STRU CTION S

f~
I

~
.
~~~RT NU 

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
MBER j2. GOVT ACcESSIO CIP IENT’ S CAT ALOG NUMBE R

4. TITLE (~~ d Subtitl.) 5. TYP E OF REPORT & PERIOD COVERED

METABOLIC SEQUELAE OF RESP IRATORY Q FEVER IN Interim
THE GUINEA PIG 

6. PERFORMING ORG. REPORT NUMBER

7. A UTHOR(a) 8. CONTRA CT OR GRANT NUMBER(e)

M C .  POWANDA, S.V. MACHOTKA , R.A. KISHIMOTO

9. PERFORMING ORGANIZATION NAM E AND ADDRESS 10. PROGRAM ELEMENT , PROJ ECT , TA SK

U .S. Army Medical Research Institute of AREA 4 W O R K  U N I T  N U M B E R S

Infectious Diseases~ SGRD—UIA—E 
3M16l1O~
BSO3—O O—O09

Fort Detrick, Frederick, Maryland 21701
11 . CONTROLL ING OFFIC E NAME AND ADDRESS 12. REPORT DATE

U.S. Army Medical Research and Development 26 Aug 77
Coimnand, Office of The Surgeon General U. N U M B E R O F  P A G E S

Department of the Army, Washington, DC 20314 19
14. MONITORING AGENCY NAME & ADDRESS(SS different from Controflin~ Office) IS. SECURITY CLASS. (of title report)

UNCLASSIFIED
ISa, OECLASS IF ICATION /DOW NGRAD ING

SCHEDULE

16. DI STRIBUTION STATEMENT (of this Report) 

C~ 
<

Cleared for public release; distribution unlimited. ç~
% 7. DISTRIBUTION STATEMENT (of the abstr act entered in Block 20, II d iff e r e n t f rom Report)

IS. SUPPLEMENTARY NOTES

Reprints bearing assigned AD number will be forwarded upon receipt.
To be submitted for publication in Infection and Immunity.

1 — C KEY WORDS (Cont inue on revere, aid. if nec•ea~~~ end identify by block number)

C Metabolic changes
~ Resp~iratory Q fever

/
S — /

P L 
(o. ABSTRACT (Continue on revere, aide if necessary end id.nhify by block ntm,ber)

~~~ ~‘4Guinea pigs infected with Coxiella burnetii administered in small—particle
aerosols responded with a significant increase in plasma copper , seroniucoid,
and lysozyme on days 9 through 13. In contrast, plasma zinc decreased
between days 7 through 13. These physiological changes paralleled increases
in temperature, spleen and lung weights, and development of lesions.

~~~~ FORM ‘sLJU I JAR ~~ •~73 EDITION OF I NOV 65 IS OBSOLETE 
UNCLASSIFIED

SECURITY CLASSIFICAT ION OF TRIS PAGE (PP.... Data Entered )

_ _  _  _ _ _ _ __ _



_______________ — - -.--—-~~~~~~‘—~,—-~,. - —:.——- -—.—-— ~~~~~~~~~~~~~~ -~~~~~

- 
S 

- . - — 
., —- . -— — . .

7 - Metabolic Sequelac of Respiratory Q Fever in
- the Guinea Pig •

/ 
.

- 
- 

I 1-*—~~~ 

. 

I
/ O 1 M. C .f POWANDA S. V .. MACHOTKA R. A ./ KISHIMO~~

J- - p.5 -

T1~~~~~7_~~~ ‘
_ __ _

U. S. Army Medical Research Institu te of Infectious Diseases

Frederick, Maryland 21701

~~~~ 1(1/ / ~ — _ !_~~ 

\ \~ I
I

Running head : METABOLIC CHANGES WITH Q FEVER INFECTiON

In conducting the research described in. this report, the investigators

adhered to the “Guide for the Care and Use of Laboratory Animals,” as

promulgated by the Committee on the Revision of the Guide for Laboratory

Animal Facilities and Care of the Institute of Laboratory Animal

Resources, National Research Council. The facilities arc fully

accredited by the Amcxican Association for Accreditation of Laboratory
Animal Care.

The views of the author do not purport to reflect the positions of the

Department of the Army or the Department of Defense.

‘Current address: Biochemistry Branch, U.S. Army Institute of Surgical
Research, Brooke Army - Medical Center , Ft Sam Houston , Texai~ 78234.

26 August 1977
Cleared for public release; distribution unlimited



2

ABSTRACT -

Guinea pigs infected wi th  Coxiclia bu r n et i i  adminis tered in

smal l— p ar t i c l e  aerosols responded wi th  a sign i f i can t  inc rease in

plasma copper , seromucoid , and iysozyme on days 9 throug h 13. In

con t rast , p lasma z inc  dec reased between days 7 through 13. These

phys iological changes parall  eled increases in temperature , spleen

and lung wei ghts , and development cf lesions.
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As part of a series of investigations into the nature and

consequence of host—parasite Interactions with Coxiella burnetii

we studied certain aspects of host metabolism during Infection.

Previous studies showed b iochei~ L c n l  ~].terations in guinea pigs

following Infection by the intrapcritoneal route (8, 17). In the

present stud y, guinea pigs were infected with C. burnetii administered

in small—particle aero~;o1s to simulate a natural respiratory exposure.

The developi~’ent of illness in guinea pigs is coinparabl.e to that

observed in hur,ians in respect to incubation period , severity and

degree of i~ortnlity (11 , 14, 25). Alterations in plasma trace

metals , acute—phase globul ins  aud enzymes ha ve been used successfully

to elucidate f i r t h e r  the pa~ i iogun ~ sis of cer ta in  infec t ions  (3 , 4 , —

21) .  TIie~;e metabo l i c alterations appear  to be mediated by fac to rs

dcrivc- ’ from leukocytes (9, 18), as a con~equcnce of phagocytosi~ of

t issue damaged during t1i.~ course of the illness (21) or by the

microorganisms L hcmseives (II. C. Powanda and P. Z. Sobocinski , J.

Cell . Biol. 67~ 343a , 1975) .  The data obtained from this s tudy may

aid in our un derst .and :h g of the d i sca ce proces~-; in man dur ng Q fever ,

as w~ ~i. as provide ad dJ ~~ional pr ognost ic  ind ~~ca tors  for eva lua t ing

the ef f i c a c y  of therapy and/or  pr op hylaxis .

I
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MATER IALS AND MET HODS

Male Hartley strain guinea pigs, 300—400 g, were exposed to

lO~ median mouse in t rap er i tonea l .  in fec t ious  doses (M IP ID 50 ) of

phase I Henzcrl ing  s t ra in  C. b ur n ct i i  via small particle aerosol

using a modi lied Henderson apparatus as previously desc rIbed  ( 11).

Controls were  exposed to s ter i le  L~r1e ’s 199 medium. At designa ted

times rec ta l  t emperatu res  were measured and the guinea p igs were

then anac st l ic t  i zed ci  th h a l o t han c . The t im or a c i c  and ab dorr i na 1

cavi t ies  wer t- opened , the i n fer i or  vena cava was t rn nscct ed and the

blood a c c u m u l a t i n g  w thi ii the pl eural  c a v i t y  was removed and p laced

in I~ ~ir m i.: c-I polypr o~ yic ne tubce

Plasma zinc  and copper  wcrc analyzed by atomic absorpt ion

spectrop h ot o m e t r y  ( I C ) ,  :;eromucoid by the procedure  of Neulsiu :; ct ::l

(13) and I y . ; oz vr a by r ad ia l  I muno~l i f  f un i  on (1 5) . The pvcst ace I

C. burneti~ in tissue w~ r ~ r . t e r ) u i I l ~.d after ntn irmiimg i n p i L  0.  ii a’ i i

wi th a m-)dif.l ed Gii..~ncz sta i n (10).  1-I is top : l tholog lcal  C Y : l L O f l ut  IOH ~.a :;

conducted on t tastic ni -np l ~ -~~; w l i i  eh had 1~ - a fixed in 10% ac-a ral

buf Icrc ! f ~e : ‘l i rm , cr 1 c ~ d~ d :[n pa m i f f i n , sect i~un J rn d s I n  in~-d ni IL

hematoxy l .1 a and eos in

I
—
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RESULTS

Pre l iminary  s tudy  had revealed si g n i f i ca nt  increases in both

plasma scromucoid and copper c o n c e n t r a tI o n  8 days a f t e r  aerosol

exposure 0f the guinea  pi gs to C. burner  i i  01. C. Powanda , (‘.. T.

Burger , C. 11. Scott , and R. A. K i sh i m o t o , A b s t r a c t s  of the  An imu al .

Mee t in g—— 1977 , Am. S-t c . Hic rob  i ol .  p. 2 4 ) .  The maximum response

occurred on day 10 wit h seromucoid and copper concent r ; L ions of 3 to 4

t tnies con t ro l  values r ( api-c t i\ ’ 1 y , ant i the  values r et u r ne d  to b a s e l i n e

by day 19. Thc ’;e t r: n: ; t i lt  p e r t t i rh a t  lona  in p 1;m ~ na c o p per  and s c rom u c o i d

conc cn t r ; i t  j e l l S  p a r a l le l  ccl the  oii . -;ct and p e i s  I at  Onc e of f e v e r .

A det  a i i  ccl s tud , was t i t - r  r t t i L- I o cuac - d  os t h e  i n c c i l n t  on and

acu te  i l l  :1055 p e r i o d s  in  an at t - p t  t o  r e l a t e  the  oI ’ac- r v t - d  metabol i ~
‘

altt -ratiena with spec if I L  as; of the p:~ lie ;’ L (S’S of t he  d~~: c : s : .

Al thoc ’  dc i_ Ic control and m i t-c t d p u i n  e:. p i gs di ap i a ~ d SonmO

vnr iahi I tv in body Lc:~p c r n 1 l l r c , a ~ i gii1 . f ieo ’’i  i n cr i - : -:c in tcmpcr:.t ore

of iu~ c - t d nii icauls ~r’ a i :~ t .1 f i o c i  (Liv C t t  t a p 1: d n v  i l  (Fi g. 1A)

Sp i t - c o  v- hi .  i i i c r e n -  d en (Ic\ 7 and ri-ac- I L -: i i  ! X 1 I 5 ’ l , t~~i day  1~l

(l’i g. l~~) wI: i i.e l u t  
- 

n- . p i t t  i - p e n  to tiiC yt -;i :.t - on day C w i t ~ ‘ x i i i  1

change on d : \ t ;  12 an .  13 ~ ‘J p . i c)  . Tin’ p cic ~ - ol r i c l ,~ ~ t a i : e  in

t i e a i ’ c : I : ;  s~ -- ’\ - :n  in  ‘I t i t l e  I .  C. bu r n - I J i  l e n  d e t e c t a b l e  in a l m ’ c t

alt .  sp leen : amp l es from day 7 1 b r e u p h do 1 ~ , wh iii in I tIng the i t ’

was a gr:td i:cl accumul at Ion b e; ,  i nn ]  ig  eu d v  P w i t h  a l l .  an ~ iT5~~i S hi ren i

po :;It  i ve  for C. b n n n~ -t I I  on day :;  11 :10(1 11. R l c k i t t. lot’ weee observed

in some 1 1 v ) 5  in  t h e  in t e r  R t n p e : ;  of 111 n t - a ;

Ti as u~~-s f rom go ilu-;i p i gs II :  ci  i p a  led on d:m\’ ; ;  1 , 2 an -i 3 p ast  I 1 ’ i t ion

w ere n ot -  a i gn if l c : i i i t ; i y d i  f f r r t -n t  I c - iou c i c ;I:., control a. F[gin- e 2 pri a-i:t

chanCes i n  Infected ~ i ’ l ilt ’ ;) - uncp . i r t - d  tt~ nml r :c I l i i : i t ’ , ( A ) .  V i \  e

H
-_- - - - -—_- - -_-~~~~~~~ -- - -. .. —, —.~~~

- _______
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days a f t e r  exposure , guinea p i gs developed a min ima]  to mi ld  J nt er st it i a] .

pneumonia  w i th  some e x u d a t i o n  of macr op li;igcs and n i -u t r o p hi l s  I n t o  a lveolar

spae(-s (F ig .  2B) . The In t e r s t it i a l  pneumonia  was more severe b y 7 days ,

w i t h  si gn if leant  ex u d a t i o n  of rn-ut ropli u s , niacrop hagcs and lymph ocy te s

in to  a l v e o l a r  spat - i - : ;  (Fi g. 2C) . By 9 days  the  lung lesions were severe

w i t h  a b un d a n t  exuda  ion of f ii) F i f i , mint roph 1. Is , mc ccrt ’p hages and

lymp h o c y te s  (F ig .  21) ) . On day 11. the les ions were  a [nil lar to those

o b a t - i v e d  fi l l  day 9 ex c e p t  t h e  i n f i  ami:iat ory in l i l t  r a t e  ~-cs p n i m a r i  1 )’

compost - !  of n iacr op h ;i  ~~~~~~~~ iy :ucp i i o cy t e a  ( F i g .  2E) . By day 13

consul i do L i  on w:u ;;  nor ’ - e x t  c - n o  I vt  vi  ii~ in f i I I r a t e  pr i  p ar  ii y co inp nat -d

of mac - r op hap i -s and I v p h o c v t  t O  ( F i g. ?1~) . }-~ ,r l  y rcc.ol OtT 1 i t n  b -caiiw

cv I d i :  b ’ day 15 nod w a i t  ti a 1 v comp i e t c  b y do y 29.

In a i d  i t  ioO t o  the pit i : ~~ ic rY pathel ~,p- , i’ nina] t o  t ech - io u a

s p i t -n i  , l u i - 1 i ; i t  ; u : ! t o  i l l : ’ :’ 1 m l :; wi - n t - not  ‘ci. Cr ;- ’’ ’cl  ouni t  n i t .

sp l c ni t  is and ht ;’ ;lt i t  I : ;  b e t o u t - : - p l ) 1 l i l t t  l iv  d y  9 w i t h  1- - I : ;  1st  c i - -  of

t h e  sp l e c i  L i ; :  t I i t ~~tig1i L L I V  15 ~n~I t h e  hep at .  i t  I :  t h rou g h dcv  29 .

- h ic i ; u:nul  iv e p l - - . ~ i ~ - a  iii c ar d  1 1:: l,’a:; p ’ a e ; t t  by d ay  7 ;t i i d ( ‘Out 

h r e t :  -. - I t  y 2’ .

Ph  :I~~L~~I O i l  ~ ; - t : ~- t- l ’  i t i c -  rea d :.] i g l i t  ly en day ~~ , ;tii d was

s ~~~ mi ; e; ’iit iv e t i v at  cd on day  9 , it cent  i i i u c d  to iflcnt-d.- c  t h rough

day 1 3 (F l  p .  3A) . P t  :ca::ua cei p u - r n :’’ it i pn I i c a n t l  y i nc reased  on d i v  8 ,

:1 p eak on day i i  , and dcc’ 1 I i’d t i t  - ~ itt ’ r ( l i p . 3B) . P1 a i n n

1 yso . :ymt  wa t t  si gni f l i - a n t i  y i i i  i - t o a d  on d iv: ;  9 t h rough  13 (F l  p .  3C)

Fla sina ;~inc , In emi l  r o t  tni copp i -r , d i  ap i a ’~~’ i  :i tr t i u : ;  i -i’ t dc - ntoi::e

on day 3 a o l  t h en  bt ’1;nii to d u e  i t  i t t i  aga In  on day 7 , l i - a c  ii t ’d a n~ ti i r

(II) ( m V  I I , and n i  ci  F u n - u !  I ‘1.- l i d  c u t i c !  ro l ~‘. i1  t i e - : t h e r o n  I or ( F i g .  t o)

_ _ _  

4 . .
L ~~~~~

- -  - -  . _ _ _  
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DISCUSSION

When guin ea p igs are exposed to C. bu rnet l i by aerosol the re  is

no evidence of illness u n t i l  7 or 8 days  after exposure. The onset

of i l l ne s s , as jud ged b y a si gn i f i c a n t  Increase In bod y t e m per a t u r e ,

is a lso  accompan ied  by an increase  in the pl;isma conc entration of

seroi i u - c ’ i d  and coppe r  and a d~-r r easc in p in ama z iw’ . The oc c u r r e n c e

of fever  has typ i ca l l y bc-en n a a oc ia t -d wi [ I i  t he  rd case of a sul) st ance ,

tei- t ’;ed endo:~enouc py rogen , f r om  VII r i ot is  Ii! Ingot Vt Ic cel l types , I nc lud  1flt;

m acr o u i ! : ; : sc oa  (1 , 7) . The seromucoid  fr a c t  ion of p lasma cons i s t  a of

flc u t  e- - i l uoae  g l obui I on wh it-h , due to t i iO l r ca r b o l i y dr . : t  cont  Co  , are

soluble i i i  0 .6  N p c r ch l o r i c  ac id , bu t  pi -c i i i tabl e h ’ -  t he  subU’ - U e f l L

add it ion of phio Sp hi u u i ig i  a IT it - ac id (13) . An I ncin :t u ; :  i i i  ser n n l c u c o  Id

co n c e a L  t i n n  fb i - m a  11 y occur;: during in i l a ; t i n u t  ion  (1 3 , 21 ) and in ice a ion

(2 , 3 , 72 , 23 ) and can Ft c’ prod :icc’d by 1ecil:oc ’~t e d m c d  f a c t o r  ( a )  (LLt-1 )

(20) . Plasma coppc ’ is  , for  lilt ’ me: ;! t a in t  , a coinp on u t  of c cru i  oi l ::- ‘ - m m

(5) ; i eases i n  p 1: s::u-i copl i a d u r i n g  i nfl ;un::OTI t -oe a ppc:ir to i-cf 1 ‘Ct

increa c -s icc t h j i ~ p 1 ac :: p o et  c 0 (76) . P1 :isiiia copp: - r / c c r u l  ojil .u:- n I t :

can al ;:~ b -  ci c-vat  P by iii~ cct  ion  of I ~- -~iLoc -v Lc -  dc-r i ‘ i -P fec  t o r n  (l~t )

A d e c - r c a ; - ’ in plat a..i zin c  m u u ; i i ; : 1 l v  occurs  c h i t u  ing inf . l  :: -n ;t - i o n  (21 )  ami d

I n f e c t  ion (3 , 22 , 23) and can : u i a c i  be p r c - h ’ ip i t a l c - c l  b y adn-dnistroi ion  of

LEN ( 2 0 )  . Factors  td i  I oh caii a I IT I a sy u - u t c ; :  1 c boat Inc - c ab el  I cut ar e  not  -

n c-ca r Ic t i’d t o ic-OPec y I ‘:;; m a t  r~ip l i : ige a app ear  to re 1 en no ii subt ,t  once

or su h ’a t , i u i c c ~; wh ich can  i n c r c - :i : a -  p lasma ita itio gi oh i n  c n o o n t r a i i e u u  ( 1 6)

;ui i ’ l  m u  i b i  t hepa t It .  pl tosp h i w - i o - l  pyruva Li-  c arb , >:yk 10,1:0’ ( 12 )  in ilutce .

Thit ’ i iici ’;ut: i -  I i i  p 1 . L ; O ~ 1 V : c :-yn ; - ; iC  I i v  I ty  v- I thi a peak T i  pu ~ ; 0 ill d c v  10

c o n f i r m - ;  t i - c - p r c t ; ( -uL - ’ of I n f I : u ~ ;- : t  1 ) 11 (4) b u t  , of c u h i r a c , does not

sp e c i fy  (lie sit e 01 l i i i  h a t i ; u , i  J 0 t . ‘lb ’ ; l l p ~~~i P l O c t ’  et Iuic ’ i i ’:i a i ’ ul l \’ ::u~~\ I:ue

- - 

~~— - ~~ --~~~ ~~~---~~~~---‘ 
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ac t iv i ty  in the I) lasnua has , in certain in stance s , pr ognostic value

(3 , 2 4 ) .  Macrop hages , p a r t i c u l a r l y a c t iva t ed  macrop hages , are capable

of secreting ly sozymuc (6 ) .

Wi th  the above in mind , it was c o n c e i v a b l e  t ha t  the  a l t e r a t i o n s  in

plasma copper , zinc ari d seromnucoid which were observed in guinea p igs

beg inning about 8 days postexpocure to C. burnerli were t h e  resul t  of

f a c t o r s  re leased from phagocytes , most likely macrophagea , upon the

ingest ioa of c: . bun co t I i.

Aitho :  , hi polymorp l ionuclear  le tck o cytc— s can ph a g o c yt iz e  C. b u r n e t u’ i

(27)  and th u r  g ive r isc to the m e t a bo l i c  a l t  c- rat ions  observed d u r i ng

Q foy e r  in 11 guinea p ig,  tb f a c t  th a t  the  1; u~; l o i  Iu  scquelae  app c ’ai -c:d

to a v - P I L  t l t o  dc-vc i opa . ; ;~ L of i nt e rs ti t i al . pneumonia  ari d to so ne degree

to vhry  in intc-nsit’1- as func t i c i  of t he  ir ;cr c r o t a )  i nf i l t  r et  lea of

i m C  r o p liag s in t o  the  1 -~~ - - t  , imp l I -at c ’d  puli-r n a ry  :;: r : i T o p l l : t p - S  as the

pr c-domi-~ant ) ; , a l n T \ t 1 c  cell typ c -  i nt e r a c ti n g  wi t: h C .  b ur n e t i i .  Al thoug h

the lung  is the  most li~: c i y  s i te of m a c r o p h a p a -~:-:icroorganism interac : !ce ,

t h i s  does i~ct  p r e c lu d e  s i c  h f ret :  o c c ui r l u g  in other  t i ssuc-~; such as t h e

sp ice: . TI~c- liver is , hm?over , u n l ik c ] y to c c - a t T r i b u t e  L O c h  in this

rco~’- :1. , in  t. l i - t ~: Q f cn~- a organic :- ::; c - C ull  onl y be found in 50% or I ess

of l iver 50I’~~~! -i’:; cvc-n l at e  in illness  yet n i l  atm -u .s re spond n i l ~h i

uu rk c d  ru t aho l  h e  a i t er ,~ ions .

Proof i,1~ .t the int .ciT: - t ion h ,c-tuj c cn p ita sc I C. P u ’  n - i ~~~f and

rnacro~-hngcs g ive ;  r i s e  t:o t h e  n ietabo l  [c a l t  Cial  ions observed d u r i n g

Q f e ver  In 1 lie guinea  p 1 w I l l  take t ime to acqu ir e, but neanwhul ic’

t i t O S O  met ,’dit ’l Ic  scquei .ae appe ar  to 1:- cu v.i l uabl c u ;; ’ntp~~;t ic m d i c a t u r s

for e v a t t i : ’ l  lap ,  the e f f i c a c y  of t he r apy  a n d/ c a  ; t - u ’ p h u y i a x i  s.

- --‘- --- -
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FIGURES -

Fig. 1. Rectal t e m p e rat u re  (A) , ~p]een (B) and 1un~j  weight (C)

fo1 l 9win~j~ aerosol exposure of guinea  p i~~ to C. burnetii are shown

as da~~ y means + SE values for  the ~~~~~~~~~~~~~ . The var i abfl~~1 in  bod1

i’pO un among control ~~~~~~ p igs p r e c l u d e d  these vnlues from

bri :, sunn ed together. E-~g~ t in fc c t~~d and ~ control animals were

~t CdCh  tide po int. The hOrlZOi)tal stip~ cd b3r in the

1 o’er g i a p i u :  iC ! CC’ C C-n t S  the  medal -I- SE of va lues  fo r  44 cont :r ol

inc- a  p 1 - s . Anal ysis of variance uas uted to assess stotistical

S i u l  I i  s c o n e .

Fig. 2.  Phet icrnp. r-p hs of iu~ g sections (X 24 0) f ron  ~p ine a

p~~~~~
f 1

~~~~°’- n :-rc”sol : eosuce  to C. burnet i i  heuuatoxy lin - eoain

ii: . (/. 5:’ :- on of icr) al I m y  fi ’curn sham con t rol . (B)

In t e ’  - t i t i . i t h ~ c1:r ’n~ :c 
~~~~ 

i l d  e :j d:c tc -  of nc-irrophn~ es nnd neurrophi3 c

i n t o  al veol a r spec -c ; :  5 d a v e  p a c t  c.’:: cu c :1’n . (C) I i :er c-aee d I n t e rs t  :1 i n ]

t 1 d c i .  i n -  ~:1 ~2 ci :c - il. nuc c :rcohs~- c ’ 0 : 3  1v:::p~~u~c’ -:‘ - a: -: :: ’ c i i  en 7 d

1:0: ‘- ‘ S . ’c u : a l : : - . (B) P : o n ’ a ’~~’ cc l c y ’u d 1 1  ~en of n: ’a~ ceel: - I a , : :e rep l’egc a

lye 1-mcv ca; ; a l n a g  :.‘- i i  2 f i b r i n  9 d p o s t e v n o s ui r e .

c!c) f~~~~~1 
inn l çv [c’s an ’ ma rropll n poe i n  a l v e o lar  ~ Q~ Cos n : . l

ena l  y ro’i c-oi 1 uir- i i on 11 da ys poste :: p c u a u i n ’  . (F) I -amp 1 u ; -  r ’’t  ca eri ch -

~~~~~~~~~~y,’c- H 1 l~~~ , a l v eo l ar  F~fl~ çf s with: more ectotisive o n

13 ci::’’:; p u : ; t ’ ’- :po:: .u1 ~~ 

_____

-— ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ___ - - - -~~~ -_ -
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Fig. 3. Plasma scromucoid (A) , copper (B), lyso ?~~~ ( C ) , and .

zInc  (B) ~~~~~~~~~ ~~J~osnre of guinea  pigs to C. b u r net i i  are shown

as dai ly means + SE for  the group . The st i p led ho r i zon ta l  bars

represent  the  mean ± SE of the value s  from control  guinea pjj~~.

Anal  ysis  of var iance  was used to assess  s ta t  1st i cal sign I f i cance .

I
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